In April 1959, at the Annual Meeting of Japanese Association of Anatomists, one of the authors Honjin demonstrated a radially oriented dense structure running through the myelin sheath of the nerve fibers in the spinal cord of a frog (Rana nigromaculata nigromaculata), but it had been paid no attention at that time. Afterward R o b e r t son (1960) has shown the presence of the same structure in the myelin sheath of peripheral nerves, and Peters (1961, 1962) has described the occurrence of this structure in the myelin sheaths from the optic nerves of rats , mice and toads, Peters has termed this structure as ' radial component.' The radial component is now of undetermined significance and moreover its pattern is somewhat diversified.
The purpose of the present paper is to report the occurrence and characteristics of the radial components in myelin sheaths from both the spinal cord and optic nerve of frogs and mice, as well as those in experimental degeneration of the optic nerve fiber after removal of the eye ball, utilizing the electron microscope with thin sections. * This investigation was supported in part by Research Grant Na . 710026 made to one of authors (R. H.) from the Ministry of Education of Japan. ** Present adress : The Section of Experimental Histology , Mercy Hospital, Laboratory, Chicago 16, Illinois, U. S. A.. Dr. Honjin is an exchange visiting professor in Mercy Chicago's First Hospital for one year.
39

Materials and Methods
The investigation undertaken were carried out on the spinal cords and optic nerves of both adult frogs (Rana nigrornaculata nigroinaculata) and mice (the KH-1 Strain of Mus wagneri var. albula) of both sexes. Besides observations on normal animals, observations were made also on the optic nerves of animals in which the eye ball was removed from the orbit. The injured animals were allowed to survive for different lengths of time ranging from 12 hours to 50 days.
The exposed nervous tissues were excised, quickly cut into about 1 mm cubes, and immersed in an isotonic 1% 0504 solution buffered with the Michaelis veronal acetate buffer (pH 7.42) at 0° to 4°C. for 4 hours (M ic ha el i s, 1931 ; Palad e, 1952) . After fixation the materials were washed with a few changes of cold distilled water for 1 hour and dehydrated by passage through a graded series of ethanol in a refrigerator.
They were then embedded in methacrylate mixture of 8 parts n-butyl methacrylate and 3 parts methyl methacrylate containing 2% benzoyl peroxide as catalyst, Araldite following the procedure by G 1 a u e r t and G1 a u e r t (1958) or styrene-methacrylate resin suggested by K u s h i d a (1961) and polymerized in gelatin capsules.
Thin sections were cut with glass knives on a JUM-5 type ultra-microtome. Suitable sections were selected by their interference colors and mounted on carboncoated copper grids.
Some of the sections embedded in Araldite and styrene were stained with Pb(OH)2 (W at so n, 1958), KMnO4
(L a w n, 1960) or Pb0 (K a r no v s k y, 1961). Observations were made by a HU-11P type electron microscope with 20 u objective aperture at 75 kV. Electron micrographs were taken at original magnifications of 5,000 to 40,000 times and thereafter enlarged photographically.
Measurement of the fine structure was made on a projected image of the electron micrograph plate at a magnification of 20 times.
Besides the studies on the thin sections, light microscopic examination was carried out on thicker sections (about 1 p) made from all the embedded blocks and mounted on glass slides with photographic adhesive without removing the plastic.
Results
In light microscopic observation, the so-called radial component can not be observed ; its presence can not be discriminated from the other part of the myelin sheath in both the experimental animals, since the radial component is too fine to resolve by the light microscope and the myelin sheath is uniformly blackened by osmium and appears as a blackish solid ring or tube owing to heaviness of the sections.
Electron microscopic examination of thin sections of well-fixed materials indicates that the radial components are present in some of the myelin sheaths in the spinal cords and optic nerves of both the examined animals.
It should be worthy to note here that the radial components are not present in every myelin sheath.
Although they are frequently found in sheaths from the optic nerve of the frog and are considerably present in sheaths of the spinal cords of the frog and the optic nerve of the mouse, but they are less common in the spinal cord of the mouse. They can also be recognized in the non-stained sections (Fig. 2 ). However they appear more conspiciously in sections treated with electron staining procedures by heavy metal salts solution (Fig. 1) . Among the three kinds of embedding media tested in this study, methacrylate shows a good result to find out the radial component, especially in the case of the non-stained sections, owing to its feature of relatively high contrast of images in the electron micrographs. However, usually a combination of both embedding by Araldite and the staining by KMnO4 seems to be the most effective for observation of the radial components, because of the excellent preservation of fine structures of the myelin sheath and of the suitable contrast of the images. There is found no fundamental difference in the fine patterns of the radial components among the results obtained from several different staining methods, even if they appear somewhat faintly in the preparations stained with Pb(OH)2 and PbO. In transverse sections of the myelin sheath which are cut perpendicularly to the myelin lamellar membranes, the radial components appear as a series of small electron-dense thickenings which are situated in the interperiod lines of the lamellated myelin sheath and stand in several rows arranged radially across the thickness of the myelin sheath, at right angles to the local region of myelin lamellae.
These rows of thickenings have a tendency to occur in groups of 2 to 30 or more in number in a part of the sheath.
There is usually seen a regular spacing in each group of the rows of thickenings ; the distance between adjacent rows is about 170 to 300 A (Figs. 1, 5 There is found no firm site for the radial component in the myelin sheath, in relation to the other structures of the nerve fiber. The most common site for them is in that part of the myelin sheath which is lying under the cytoplasm of the outer or inner loops (tongue processes) which are derived from the processes of the oligodendroglial cells (Figs. 4, 5) . However, the radial components are not only found in these kinds of site, but also are very commonly present in the other parts of the myelin sheath, that is to say, in those parts where the myelin sheath is lying under the glial cytoplasm, other than that of the outer or inner loop (Figs. 1, 6, 7, 8) , or coming into contact with another myelin sheath belonging to the adjacent nerve fiber (Fig. 2) , the adjacent nonmyelinated nerve fiber (Figs. 1, 7 ) or the process of the neuroglial cell (Fig. 3) . Including the case of the outer loop, the cytoplasm which is situated in the outside of the radial component, often contains in itself some electron-dense small particles which are present on the outer surface of the myelin sheath in extension of the rows of the thickenings (Figs. 5, 6 ). On the other hand, it has been rarely found that the rows of the thickenings are continuously situated between two adjacent myelin sheaths which come into contact side by side.
Often 2 or more radial components are present in a thin section of a same myelin sheath, where many times the individual groups of the rows of thickenings are not present on the same side of myelin sheath, but run radially to the different directions respectively.
The frequency in appearance of the radial components has no relation to the thickness of the myelin sheath as well as to the size of the nerve fiber. The fine structure of the radial component as mentioned above shows no fundamental difference between the optic nerve and the spinal cord, as well as between the frog and the mouse.
After removal of the eye ball, almost all of the nerve fibers in the optic nerve undergo degeneration.
The sign of the degeneration changes of the injured nerve fiber appears first in the axoplasm and much later in the myelin sheath and the glial cells, though the velocity of the degenerative changes varies to a certain extent among different kinds of nerve fibers as well as among different species of animals.
The degenerative changes in the myelin sheath occur in two phases : deformation and disintegration. Text- fig. I . A diagramatic representation of the lateral view of a thin section of the radial component which is cut obliquely to the myelin lamellar layers (A). The projected pattern of the density distribution of the section is shown under (B). I: interperiod line, P: dense period line, R: thickening of the radial component.
If, furthermore, the radial component is artificially produced by fixing reagents, it seems to be impossible to explain that the thickenings of the radial component are situated in the interperiod lines in a steadily radial arrangement at regular intervals in each myelin layer and the sites of the groups of thickenings are confined to a part of the sheath, never expand all over the myelin sheath. Still more the sheaths showing the radial component are not concentrated in a part of block of tissue, but are distributed throughout a block of tissue. Pet e r s (1961) has emphasized that the lamellar spacing of the sheath does not increase at the site of the thickenings, but they encroach upon the light layers of the sheath. Based on this observation, he has denied the production of thickenings by deposition of fixative into gaps where the surfaces of the membranes forming the interperiod line have separated from each other.
However, in opposition to Peter s's description, the present observation indicates that in many cases the spacing of the lamellar it appears not so suitable to discuss this problem by using the conception of deposition of fixative into gaps. ' The present observation suggests that some osmiophilic substances or polar groups of molecules should be present in the site of the thickenings and they may 13-3 shown as electron-dense thickenings in the electron micrographs . If the speculation is permitted, it is supposed that the regular arrangement of thickenings in the myelin sheath may be reflecting an unit area of the molecular organization in the interperiod line, especially in the polar surface of the bimolecular lipid leaflet of the myelin lamellar membranes which is now considered to be composed of a mosaic of several kinds of lipid molecules.
According to the spiral myelinogenesis concept (G e r e n, 1954 ; Robertson, 1955 Robertson, , 1957 Robertson, , 1959 Honjin, 1957a Honjin, ,b, 1959 Honjin, Takahashi, Nakamura and Taniguchi, 1962) , the interperiod line of the myelin lamellae is derived from the outside surface layer of the cell membrane of the sheath cell by the apposition of the two outside surfaces of the closely apposed membranes through invagination. Robertson (1957) has noticed that no extramembranous material is added to the external S c h w a n n cell membrane surfaces by incorporation between the apposed membranes forming the myelin membrane. At present, however, it seems very difficult to deny absolutely the addition of some extramembranous materials in the interperiod line by incorporation. The thickenings of the radial component may be caused by this kind of incorporation, but not sure. R o b e r t son (1958) has shown that the myelin lamellae separate along the interperiod lines when nerves are soaked in hypotonic solutions.
Recently Honjin and Takahashi (1962) have studied the myelin changes during W a 1-I e r i a n degeneration and indicated that the osmiophilic granules appear along the interperiod lines as the first sign of the disorganization of the myelin lamellae and thereafter the separation of the myelin membranes begins along the interperiod lines. These results point out that the interperiod line is the most sensitive locus in the myelin lamellae. Since it has been well known that the myelin sheath of the optic nerve is very fragile as compared with those of the other nervous tissues even in the classical light microscopic level, and the present observation shows that the radial components occur quite frequently in the optic nerve and by far less frequently in the spinal cord. The presence of the radial component in the interperiod line may have some relation to feebleness of the optic nerve myelin, but uncertain. In addition, a rOle in myelin metabolism may be estimated for the radial component, but there is no basic finding suggesting this. At all events, it seems that the radial components are an image of the true composition and structure of the myelin sheath in these regions, not an artifact.
However their biological significance is obscure for the present time.
Summary
The radial components of the myelin sheath in the optic nerve and spinal cord of both the frog and mouse as well as of the optic nerve in Wall e r i an degeneration have been studied by electron microscopy. The materials were fixed in 0504, embedded in methacrylate, Araldite or styrene-methacrylate, and, after sectionings, stained with Pb(011)2, KMnO, or PbO. The results obtained are summarized as follows :
1. The radial components in transverse sections of the myelin sheath appear as a series of small thickenings which are present in the interperiod lines of myelin lamellae and stand in several rows arranged radially across the thickness of the myelin sheath. The width of the thickening is about 50 A and the extent along the interperiod line is about 60 to 90 A. In oblique or tangential sections the radial components appear as thin dense lines running in parallel array across the thickness of the sheath.
2. The spacing of the myelin lamellae increases at the site of the radial component.
3. Most of the rows of thickenings extend throughout the thickness of the myelin sheath, while some of them extend for only a part of the sheath. Sometimes 2 or more radial components are present in a thin section of a sheath, where often they are not present on the same side of the sheath. There is found no firm site for the radial component in the myelin sheath.
4. When the glial cell cytoplasm is present at the site of radial component, there are found electron-dense small particles in the cytoplasm in extension of the rows of thickenings. Fig. 1 . Transverse section of a myelin sheath from the normal optic nerve of frog. The nerve was fixed with ()sal, embedded in Araldite and , after sectioning, stained with KMn04. Note a large radial component which appears as many rows of small electron-dense thickenings in the interperiod line , arranged radially across the thickness of the myelin sheath.
The spacing of the lamellar periodicity in the myelin sheath increases in the site of the radial component , as compared with the other part of the sheath.
A small amount of cytoplasm of the glial cell and an non-myelinated axon are seen at the outside of the radial component.
x 120,000. Fig. 2 . Transverse section of the spinal cord of frog fixed with 0s04 and embedded in methacrylate.
The section was not prepared by any staining reagents . There are seen 4 myelinated nerve fibers in transverse section . Note the contact between 2 adjacent myelin sheaths in the center of the photograph , where the radial components are seen in the myelin sheaths.
x 80 ,000.
Plate II Fig. 3 . Transverse section of myelin sheaths from the optic nerve of frog 48 hours after removal of the eye ball . The nerve was fixed with 0s04, embedded in Araldite and stained with KMn04. The right myelin sheath in the photograph has 2 radial components in which the rows of thickenings in the interperiod lines extend for only a part of the myelin sheath . In the site of the radial component there is seen an increase in thickness of the spacing of the myelin lamellae.
x 120,000. Fig. 4 . Transverse section of the normal optic nerve of frog fixed with 0s0 4, embedded in Araldite and stained with KMn04 . All 3 myelin sheaths seen in the photograph have the radial components. The radial component of the upper right fiber is situated at the region of inner and outer myelin loops . The small particles are present in the inner myelin loop. The myelin sheath of the under fiber in the photograph is somewhat obliquely cut, so that the radial component of this sheath shows a tendency to take the pattern of lines. x 80,000. Fig. 5 . Transverse section of the normal optic nerve of mouse fixed with 0s04, embedded in Araldite and stained with KMnO4. The radially oriented rows of thickenings are seen. The spacing of the myelin lamellae increases in thickness in the site of the radial component.
The period lines in the site of the radial component are more dense than those in the other part of the sheath.
The dense particles are present in the cytoplasm of the outer myelin loop which comes into contact with the myelin sheath in the site of the radial component. x 150,000. Fig. 6 . Oblique section of the myelin sheath from the optic nerve of frog 48 hours after removal of the eye ball. The nerve was fixed with 0s04, embedded in Araldite and stained with KMnO4. The radial component appears as dense lines. The electron dense particles are seen in the small outer myelin loop which is attached to the outside of the radial component. x80,000. Fig. 7 . Transverse section of the myelin sheath from the optic nerve of frog 15 days after removal of the eye ball. The nerve was fixed with 0s04, embedded in Araldite and, after sectioning, stained with KMnO4. There are seen 2 radial components in the myelin sheath.
In the upper radial component in the photograph, the rows of thickenings show no marked degenerative change. The under one shows a tendency to assume the shape of lines, because this region of the myelin sheath is cut somewhat obliquely to the myelin lamellar layers. x 120,000. Fig. 8 . Oblique section of a nerve fiber from the normal optic nerve of frog fixed with 0s04, embedded in Araldite and stained with KMnO4. The radial component appears as many dense parallel lines running through the myelin sheath where the myelin lamellar layers are cut tangentially. x80,000.
